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ABSTRACT 

RESEARCH LABORATORIES DIVISION 

Steady s t a t e  ion iz ing  rad ia t ion  such as e x i s t s  i n  t h e  Van Allen 
b e l t s  around t n e  earth or i n  tile v i c i r i i i y  ul" ~ ~ ~ ~ ~ % ~ i - S  used foi- n u z l e z r  
propulsion or nuclear space power, can cause degradation of t r a n s i s t o r  
parameters. 
increase  i n  leakage cur ren t  due t o  changes i n  surface cha rac t e r i s t i c s .  
The purpose of t h i s  cont rac t  i s  t o  inves t iga te  t h e  e f f e c t s  of  ion iz ing  
r ad ia t ion  on t r a n s i s t o r  surfaces,  using 150 kV X-rays, t o  determine 
the  phys ica l  mechanisms involved and t o  formulate screening techniques 
which w i l l  enable categorizing devices as t o  t h e i r  surface s t a b i l i t y  
i n  ion iz ing  rad ia t ion .  

The major e f f e c t s  a r e  a decrease i n  cur ren t  gain and an 

This repor t  discusses work accomplished during the  f i rs t  
t h r e e  months of t h e  program. 
were prepared f o r  t e s t i n g ,  f i x t u r e s  were constructed and instrumentation 
w a s  assembled i n  preparation f o r  rad ia t ion  t e s t i n g  of Fa i r ch i ld  2~1613 
t r a n s i s t o r s .  F a c i l i t i e s ,  f i x t u r e s ,  and instrumentation were checked 
out  with a cursory t e s t  intended t o  evaluate c a p a b i l i t i e s  and l i m i t a t i o n s  
of t h e  t e s t  system. Trans is tors  were procured a l s o  and i n i t i a l  measure- 
ments were performed i n  preparation f o r  t h e  f i r s t  t e s t  which i s  scheduled 
t o  begin early i n  t h e  second quarter. 

During t h i s  period X-ray f a c i l i t i e s  

1 
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INTRODUCTION 

T h i s  report  has two major sections.  

+:rteribt.L7 1965 

The f i rs t  i s  the  t h i r d  

foi-sc9at of - - - - I -  c- L- ..nn~,.......h~ ir, nn+-knn inLs 
monthly repor t ,  cons is t ing  of a summary of work accomplished during 

The second sec t ion  i s  the  F i r s t  Quar te r ly  Report, containing a de- 
t a i l e d  discussion of work accomplished during t h e  f i rs t  three  months 
(July-September) of t h i s  inves t iga t ion .  

W U L ~  u u  UL y c . & A v A u I L u  -LII v u w v v c . ~  -c/v,. 

1.0 THIRD MONTHLY PROGRESS mPORT 

Progress i n  September consisted of preparing the  X-ray machine 
t e s t  f i x t u r e s ,  interconnecting cables, and Icbo, l/hFE and temperature 
measurement instrumentation f o r  t h e  f i r s t  X-ray t e s t  t o  be conducted i n  
October. The plan f o r  t h i s  t e s t  was formulated a l so .  

1.1 Preparation of T e s t  F a c i l i t i e s  and Instrumentation 

The f irst  X-ray t e s t  requires simultaneous l r r a d i a t i o n  of 1 2  
F a i r c h i l d  type 2~1613 t r a n s i s t o r s  a t  the m a x i m u m  r a t e  a t t a i n a b l e  
(3.8 x lo5 r /h)  w i t h  t he  Bendix X-ray f a c i l i t y .  
prepared f o r  mounting up t o  1 2  devices i n  sockets a t  the  face of t he  
X-ray tube. Spec ia l  shielded three-conductor cables were attached t o  
each t r a n s i s t o r  socket, replacing the e x i s t i n g  coaxial  cables, t o  

FF and 60 c /s  noise pickup during measurement of t r a n s i s t o r  parameters 
whi le  t h e  devices a r e  i n  the  X-ray shield.  

A tes t  f i x t u r e  was 

achieve a higher cur ren t  capacity and more e f f i c i e n t  suppression of 

An e l e c t r i c a l  b ias ing  panel was constructed which app l i e s  
b i a s  conditions t o  devices during i r r ad ia t ion .  
grammed t o  apply a d i f f e r e n t  combination of junction bias conditions 
t o  each of t h e  1 2  devices mounted i n  the X-ray f ix tu re .  
were a l s o  made on t h i s  panel f o r  remote measurement of i / l l E  o r  icbo 
on devices mounted i n  the  X-ray machine. 

Th i s  panel can be pro- 

Provisions 

Temperature ins ide  the  X-ray sh ie ld  i s  not  necessar i ly  the  
same as room temperature. 
mounting f i x t u r e  in s ide  the  sh i e ld  and an adapter package was con- 
s t r u c t e d  which allows the  temperature d i f fe rence  between the  X-ray 
machine ambient and room ambient t o  be read out  d i g i t a l l y  using the 
low l e v e l  l/hFE readout equipment. 

A thermocouple was mounted on the  t r a n s i s t o r  

With the t e s t  system completely assembled, a cursory X-ray 
tes t  w a s  performed to :  (a)  check out measurement instrumentation, 
(b )  check out  t he  bias panel, and (c )  determine measurement system 
l i m i t a t i o n s  caused by noise pickup due t o  the  long cables and leakage 

2 
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curren ts  caused by the  ion iz ing  radiat ion environment. When very high 
frequency t r a n s i s t o r s  were measured with the  pulsed hFE t e s t e r  (Bi r tcher )  
o r  the  low l e v e l  l/hFE systems, a high frequency o s c i l l a t o r y  condition 
occurred. The tes t  systems were modified t o  co r rec t  t h i s  f a i l u r e  by 
~ d . d . i ~ g  c . m ~ l 1  l?F rhnkes ' i n  s e r i e s  w i t h  the  emi t te r -and  co l l ec to r  leads.  

With the  X-ray machine turned of f  and devices i n s t a l l e d  i n  
t h e  t e s t  f i x t u r e ,  leakage cur ren ts  were measured through the  remote 
cables.  These cur ren ts  were i n  excess of junct ion leakage current  
measurements, which indicated considerable s t r a y  leakage due t o  cables  
and f ix tu re s .  These s t r a y  leakage e f f ec t s  were reduced t o  a to l e rab le  
l e v e l  by dipping the  e n t i r e  f i x t u r e  i n  melted pa ra f f in .  
then performed with the  X-ray machine on. Typical leakage of the  cables  
and mounting f i x t u r e  with no t r a n s i s t o r  i n s t a l l e d ,  was  0.2 nA ( c o l l e c t o r  
lead  t o  base lead with 5 V appl ied) .  It increased tot 42 nA when a 
F a i r c h i l d  2~1613 t r a n s i s t o r  was i n s t a l l e d  i n  t h e  mounting f ix tu re .  This 
leakage component w a s  accompanied by a 1.3 nA, 60 c/s  r i p p l e  component 
due t o  r ipp le  on the  high voltage supply f o r  t he  X-ra;y machine. To 
preclude such high leakage cur ren ts ,  low l e v e l  l/hFE da ta  poin ts  f o r  
a l l  X-ray tests w i l l  be taken with the X-ray high voltage supply shut 
o f f .  

Tests  were 

1 .2  Work Plans f o r  October 

The f i rs t  X-ray t e s t  inves t iga t ing  the e f f e c t s  of junction 
bias conditions during i r r a d i a t i o n  on the  degradation'of $E and Icbo 
w i l l  be performed during t h i s  period. It w i l l  involve 1 2  devices 
separated i n t o  s i x  groups of two devices, each group with a d i f f e r e n t  
set of b i a s  conditions.  The t e s t  w i l l  cons is t  of severa l  s teps ,  each 
s t e p  being an exposure of approximately 5 x lo6 r a t  one set of bias 
condi t ions.  
t e s t  s tep.  
f i P s t  two t e s t  s teps .  

Several  l/$E and I,bo data po in t s  w i l l  taken during each 
Table 1 defines  the  b ias  conditions t o  be*used during the  

Table 1. B i a s  Conditions f o r  F i r s t  X-ray.Test 
lransi  stor '  
.rniin 
,&"I r 

A 

B 

C 

D 

E 

F 

T e s t  S t m  2 
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After  completion of the second tes t  step,  a l l  12 devices 
w i l l  be subjected t o  a two-day recovery cycle cons is t ing  of one day 
of i r r a d i a t i o n  a t  3.8 x 105 r/h w i t h  a 100 mA forward b i a s  applied 
b U  bllC LJcbbC Cl l I I l . #L#Gs  Jc".L'CYI"I . ,  --A -.,..-- 
junc t ion  b i a s  but  no X-ray i r r ad ia t ion .  
of X-ray i r r a d i a t e d  devices t o  i t s  o r ig ina l  value before i r r a d i a t i o n .  
Following t h i s  recovery cycle, t e s t  steps 3 and 4, which are a 
r e p e t i t i o n  of s t eps  1 and 2, w i l l  be performed. 

*I-- ' I_---  - - z A A - -  4 . w n 4 - 4 n n  f n l l n l . r d  hv a gprnnd day w i t h  t he  same 
-.I 

This  cycle recovers the  hFE 

The f u r t h e r  i n s i g h t  i n t o  degradation as a function of dose 
( o r  time), junction b i a s ,  and measurement conditions provided by t h i s  
t es t  w i l l  enable a separation of t h e  degradation i n t o  severa l  com- 
ponents o r  mechanisms. The e f f e c t s  of t h e  recovery cycle w i l l  a l s o  
be s tudied  t o  determine i f  t h i s  cycle a l t e r s  t he  behavior i n  ion iz ing  
r a d i a t i o n  of devices w i t h  biased junctions. 

Also during October, design w i l l  be i n i t i a t e d  of an evacu- 
a t e d  f i x t u r e  t o  be used f o r  evaluating F a i r c h i l d  2~1613 t r a n s i s t o r s  
i n  a combined hard-vacuum and X-ray environment. 
t e s t s  may be performed t o  complement the  f irst  X-ray test .  

Additional X-ray 

2 .O FIRST QUARTERLY mPORT 

Work accomplished during t h e  f i r s t  quar te r  consisted of:  
(a) a meeting w i t h  NASA cont rac t  monitors t o  d iscuss  program plans,  
(b) prepara t ion  of X-ray f a c i l i t i e s ,  fixtures, and tes t  instrumen- 
t a t i o n ,  ( c )  performance of a cursory X-ray test  t o  evaluate t h e  
instrumentation system's a b i l i t y  t o  measure t r a n s i s t o r  parameters 
through long cables w i t h  t h e  t r a n s i s t o r s  i n s t a l l e d  i n  the X - r ~ y  
machine, and (d)  tak ing  i n i t i a l  da ta  (hFE, I,bo, Iebo, BVcbo, 
BVebo, and vbe vs  I) on 12 type 2~1613 t r a n s i s t o r s  i n  preparation 
f o r  the  first X-ray test .  

4 
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2 .1  Resul t s  of t he  Meeting With NASA Personnel 

--.-*- -- : --+-k; 1 +; nc, ic t m c s i c t o r s  p-gnsed tg jgni 7.i n e  
L------ U U L  L U L L  Lll" " U V L L L  " A I  

rad ia t ion  a r e  o f t en  severe enough t o  completely mask o r  a t  least d i s -  
t o r t  the  bulk rad ia t ion  damage t o  semiconductors. This problem w a s  
experienced with a number of devices t e s t e d  f o r  NASA-MSFC by Lockheed- 
Georgia under Contract NAS8-5332. For t h i s  reason, an  agreement was 
reached a t  the meeting t o  consider a s  one of t he  primary goals  of t h i s  
cont rac t :  the  establishment of screening techniques f o r  ident i fy ing  
stable and unstable surfaces  by nondestructive t e s t i n g .  These tests 
should be simple and appl icable  t o  a l l  device types. 

Two types of high power t r ans i s to r s  (2N2772 and STC 1739) on 
t h e  l i s t  of devices scheduled for t e s t ing  i n  Phase I1 require  
measurements beyond t h e  range o r ig ina l ly  intended f o r  t h i s  study 
(0.1 pA < 1, < 100 mA).  
t o  ex tenz  the-measuring current  range. 
B i r t che r  model 70 pulsed hFE t e s t e r  capable of measuring hFE f o r  
c o l l e c t o r  cur ren ts  from 1 mA t o  30 A .  Bendix pointed out  a t  the  meet- 
i n g  t h a t  t h e  r e l a t i v e l y  th i ck  housing of these devices would require  
new X-ray dosimetry measurements. Dosimeters and mechanical sample 
housings f o r  these  power devices were procured i n  preparat ion f o r  t h i s  
dosimetry t e s t .  

Bendix agreed t o  modify i t s  instrumentation 
This was done by procuring a 

2.2 Preparat ion of X-ray F a c i l i t i e s  and Instrumentation 

Essen t i a l ly  t h e  same f a c i l i t i e s  and instrumentation w i l l  be 
used throughout Phases I and I1 of t h i s  study. This sect ion gives  a 
d e t a i l e d  descr ip t ion  of these f a c i l i t i e s  and equipment. 

2,2,1 X-ray Machine 

The X-ray f a c i l i t y  used f o r  t h i s  study has as i t s  source of 
r ad ia t ion  a S i e f e r t  I sovol t  150 kilovol t ,  constant po ten t i a l  X-ray 
generator  capable of continuous operation. The cont ro l  console, high 

of F ig .  1. The transformer section contains a step-up transformer and 
f i l t e r  network t o  smooth the f u l l  wave r e c t i f i e d  l5O kv t o  a +3 percent  
r i p p l e .  

vo l tage  t ransfon,er ,  2nd X-rsy tld3e sh ie ld  zrp shc;.,~ i~ t h e  nhntnnranh =LA" . , V ~ * C " ~ A .  

The t a r g e t  end of the  X-ray tube i s  1.5 inches i n  diameter 
and 25  inches long. The tungsten ta rge t  i s  embedded i n  a block of  
copper near t he  end of t he  tube, t o  and from which a divided annulus 

5 
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conducts coolant water. The X-ray beam from the  tube, as depicted i n  
F ig .  2 ,  i s  a radial cone of about 0.5 inch apex a t  the  tube surface and 
290 wide. The c loses t  t he  beam can approach the  t a r g e t  i s  0.75 inch o r  
t h e  surface of the  tube. 
;ci~ytecj ir: its s h i e l d  ~ : r i t k !  +.he shield cnirer remnved- ThP t . ra .ns i s tnrs  
are mounted i n  a f i x t u r e  and located r a d i a l l y  around the  tube as close 
t o  it as poss ib le  i n  t h e  maximum i n t e n s i t y  of the  beam. 

Fig. 3 i s  a photograph of t he  X-ray tube 

I n  the  X-ray tube the  electrons from the  e l ec t ron  gun a r e  
acce lera ted  through t h e  l50,OOO v o l t  p o t e n t i a l  u n t i l  they a t t a i n  energies 
c lose  t o  l 5 O  kev i n  a narrow band. A s  these e l ec t rons  are decelerated 
i n  t h e  tungsten t a r g e t ,  they are converted i n t o  photons of a white noise 
energy spectrum asymptotic t o  170 kev. 
a photon t o  possess i s  150 kev, while the  most probable energy i s  two- 
t h i r d s  of t he  maximum o r  100 kev. The average energy of t he  spectrum 
i s  about one-half t h e  maximum; however, t h e  photons of l e s s  than 15 kev 
a r e  so s t rongly  a t t en tua ted  by t h e  cooling water and s t r u c t u r a l  p l a s t i c  
annulus t h a t  the  average photon energy of the  f i e l d  i r r a d i a t i n g  the  
t r a n s i s t o r s  i s  s i g n i f i c a n t l y  higher than 75 kev. 
t h e  photoe lec t r ic  i n t e r a c t i o n  i s  t h e  predominant e f f e c t  between the  
X-ray beam photon and t h e  i r r a d i a t e d  semiconductor material. 

The maximum energy possible f o r  

I n  t h i s  energy range 

Dosimetry measurements were made i n  January of 1-96? using 
thermoluminescent dosimeters* composed of a L i F  phosphor. Five measure- 
ments were made with dosimeters housed i n  0.013 inch th i ck  Kovar con- 
t a i n e r s  (similar t o  TO-5 cans) t o  determine dose r a t e s  a t  various 
loca t ions  ins ide  the  X-ray shield.  Results indicated t h a t  t he  r a t e  can 
be expressed as: 

= 3.77 x (q)' x lo5 r /h  

where R i s  the  d is tance  from t h e  X-ray tube center  l i n e  (0.76 inch 5 R 
5 4.9 inch) .  
~2 dependence i n  t n e  expression above wiii p i ~ ~ ~ c e  i-stes as lox 8 s  9 x 
103 r / h  a t  the  sh i e ld  w a l l  and as high as 3.77 x lo3 r /h  at  the  tube surface. 

The rms e r r o r  f o r  t h e  f i v e  readings was 12.3 percent. The 

2.2.2 LOW Current l/hFE Tester 

A s  w a s  discussed i n  Section 2 of Bendix Proposal 2642 submitted 
t o  NASA, the  rec iproca l  of current gain o r  l / $~  i s  a very usefu l  param- 

i s t i c s  caused by ion iz ing  rad ia t ion .  
diagram of a custom-built measurement system designed s p e c i f i c a l l y  t o  

e t e r  f o r  analyzing degradation of the  base-emitter junction character-  
F ig .  4 i s  a simplified block 

*Controls f o r  Radiation 

7 



. 
RESEARCH LABORATORIES DIVISION 

k-l%”D---m/ 
LOCATION 

OF 
TRANSISTORS 

Figure 2 - X-Ray Beam Geometry 

F igu re  3 - X-Ray Tube Mounted in i ts  Shield with Trans is tors  in 
P lace  Around the Tube in Prepara t ion  f o r  Irradiation 
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measure l/+E as a funct ion of co l l ec to r  current  from 0.1 IJA t o  100 ITA. 
The c i r c u i t  cons is t s  of a cont ro l  loop which forces  the  co l l ec to r  
cur ren t  t o  a predetermined value and a base current  sensor which 
measures l/hFE or Ib/Ic. 

The base current  sensor consis ts  of an extremely high gain 
low noise  operat ional  ampl i f ie r  (base ampl i f ie r )  with an ad jus tab le  
cur ren t  feedback r e s i s t o r  (Rb). This c i r c u i t  has a very low input  
impedance, which causes the  base of t he  t r a n s i s t o r  t o - b e  a t  ground 
po ten t i a l .  It i s  capable of measuring cur ren ts  as low as 50 PA and as 
high as 100 mA. 

The co l l ec to r  current  control  loop i n  F ig .  4 i s  i n  a de- 
energized pos i t ion .  When the  loop i s  ac t iva ted  by closing switches 
s T 1  and ST2, co l l ec to r  current  i s  sensed by measuring the  voltage 
ac ross  Re. This voltage i s  compared with a reference voltage ( V m )  
and t h e  e r r o r  voltage i s  amplified ( co l l ec to r  ampl i f ie r )  and used t o  
con t ro l  the  emi t te r  voltage.  
Re from 0.1 PA t o  100 mA. 

The co l lec tor  current  can be adjusted by 

Large values of co l l ec to r  leakage current  ( Icbo)  can se r ious ly  
d i s t o r t  t he  l/hFE vs 1, re la t ionships  a t  low measurements s ince the  
a c t u a l  current  measured i n  t h e  base lead i s  t h e  device base region 
cu r ren t  minus The e f f e c t  of &bo i s  p a r t i a l l y  eompensated f o r  
i n  t h i s  measurement system by inducing a current  equal i n  magnitude and 
opposi te  t o  I i n t o  the base l e a d .  This i s  accomplished by depressing 
PB1 and adjusE%g the Icbo compensating c i r c u i t  t o  produce a n u l l  a t  

values from severa l  p i c e  t h e  output of the base current  sensor. 
amps t o  severa l  milliamps can be compensa e f o r  i n  this  fashion. It 
should be noted a l s o  t h a t  an equal compensating current  i s  fed i n t o  the  
c o l l e c t o r  s ide  of the  co l l ec to r  base junction. This compensates f o r  
t h e  e f f e c t  of Icbo on co l l ec to r  current by allowing the  co l l ec to r  
cu r ren t  control  loop t o  control  on co l l ec to r  d i f fus ion  current  alone 
and thus  maintain a constant emit ter  inject ior i  level.  Aii add i t iona l  
f e a t u r e  of t h i s  c i r c u i t  i s  t h a t  when the  compensating current  i s  s e t  
t o  zero and PB1 i s  depressed, a d i g i t a l  reading of Ick0 appears on the  
base cur ren t  sensor output ne t e r .  

l€ba 

The accuracy of this system va r i e s  somewhat w i t h  co l l ec to r  
It may be as grea t  as i 5  percent on t h e  0.1 pA range cu r ren t  range. 

and less  than 20.2 percent f o r  t he  10 p.A range and above. 
are accura te  t o  +3O PA or z0.Z percent, whichever i s  grea te r .  

Icbo readings 

10 
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2.2.3 High Current Pulsed hFR Tester 

The high current  hFE t e s t e r  i s  a commercially b u i l t  
( ~ ~ r t z h e r  XZ. 70)  ~ c l c e c ?  lEit-+.th sa-? p e r w n t  duty cycle and a 
pulse  width of about 200 ps. 
1 mA t o  30 A, and i t s  accuracy i s  2 percent of f u l l  sca le  where f u l l  
s ca l e  hFE i s  e i t h e r  1000 o r  100. 
t h i s  instrument t o  provide a f u l l  scale of 30 a l so ,  t o  enable more 
accura te  hFE measurement a t  r e l a t i v e l y  low gain.  

This un i t  has a current  range from 

Modifications a r e  being made on 

2.2.4 X-ray F a c i l i t y  Measurement and Test  System 

To enable remote measurement of t r a n s i s t o r  parameters while 
the  devices a r e  i n s t a l l e d  i n  the X-ray machine, and a l s o  t o  provide 
f o r  t h e  e l e c t r i c a l  b i a ses  required during i r r a d i a t i o n ,  three-conductor 
e l e c t r o s t a t i c a l l y  shielded cables were i n s t a l l e d  on each t r a n s i s t o r  - 

socket of t he  mounting f ixtuye.  I n  addi t ion ,  a b ias ing  panel w a s  con- 
s t ruc t ed  which allows up t o  27 d i f f e ren t  bias conditions t o  be placed 
on a t r a n s i s t o r  i n  the  mountlng f ix ture .  
X-ray f a c i l i t y  t e s t  setup including remote cabling, the  t e s t  panel and 
measurement instrumentation assembled for t h i s  program. When measure 
ments of t he  parameters of a device i n  t h e  mounting f i x t u r e  are des i red ,  
t h e  appropriate  cable plug i s  t ransferred from a bias condition socket 
t o  one of the  measuring instruments. 

Fig.  5 i s  a diagram of the  

2.2.5 Pre-  and Post-Irradiat ion Measurement Instrumentation 

P r i o r  t o  i r rad ia t ion-  and a f t e r  a t e s t  s t ep  has been completed, 
t r a n s i s t o r  parameters a r e  measured 5n a bench t e s t  setup (no remote 
measurements). 
emitter-base junct ion leakage current and reverse breakdown measure- 
ments made w i t h  a Hewiett-Fackard iviodei 423 A aninetei- and a Tclrtronix 
Model 575 curve-tracer.  
measured while t he  t r a n s i s t o r  i s  mounted i n  a spec ia l  temperature 
c o n t r o l l e r  f i x t u r e  which maintains the  t r a n s i s t o r  case temperature a t  
3 5 O C .  The hwF measurements f o r  t h i s  t e s t  use the  equipment described 
i n  Sec t ions  'Zy2.z and 2.2.3. 

These measurements include both collector-base and 

In addi t ion,  hFE and vbe vs 1, and Ib  a r e  

A spec ia l  low noise  mounting f i x t u r e  i s  used i n  the  Vbe vs 1, 
measurements. 
t h i s  f i gu re  a r e  Hewlett-Packard type 425 A ammeters which measure base 
and c o l l e c t o r  cur ren ts  respectively.  The measurement poin t  i s  adjusted 
by means of Re and Ve; and Vbe, 1, and Ib a r e  recorded a t  severa l  
p o i n t s  i n  a c o l l e c t o r  current  range from 
s e t  i s  capable of measuring gain cha rac t e r i s t i c s  of t r a n s i s t o r s  a t  very 
low cur ren ts  because it el iminates  the  inf luence of Icbo on gain 

Fig.  6 i s  a schematic of t h i s  f i x t u r e .  A1 and A2  i n  

A t o  10-3 A. This t e s t  
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measurements. 
leads very close t o  ground poten t ia l ,  reducing the  col lector- to-base 
vol tage  t o  a neg l ig ib l e  value. 
and base, no leakage cur ren t  e x i s t s .  

It does t h i s  by holding both t h e  c o l l e c t o r  and base 

Wi th  a zero vol tage between c o l l e c t o r  

F i g u r e  6 - Test Schemat ic  f o r  the T r a n s i s t o r  V - I  T e s t e r  

2.3 Evaluation of Instrumentation Svstem CaDabili t ies 

2 .3 .1  Measurement Parameters 

Phase I of t h i s  program i s  a de ta i led  study of t h e  e f f e c t s  
of i on iz ing  r ad ia t ion  on t h e  Fa i rch i ld  type 2~1613 t r a n s i s t o r  parameters, 
l ead ing  t o  an ultimate understanding of  t h e  physical  mechanisms which 
cause e l e c t r i c a l  parameter changes. 
hFE were se lec ted  f o r  t he  study of damage mechanisms because they  can 
be used t o  i d e n t i f y  mechanisms occui-i3.iig Oi l  t he  device surface and a t  
t h e  junct ions.  

The e l e c t r i c a l  parameters Icbo and 

Icbo i s  a simple measurement used t o  de t ec t  changes a t  the  
su r face  near  t he  c o l l e c t o r  base junction. The cur ren t  gain measurement 
(hFE) used t o  de t ec t  base cur ren t  components induced by ion iza t ion ,  i s  
no t  so  simple. X-ray i r r a d i a t i o n  usually produces two or more base 
cu r ren t  components simultaneously. 
must be  measured p rec i se ly  and over a wide co l l ec to r  cur ren t  range. 

To separate  these  accurately,  hFE 

The accuracy of hFE measurements a t  low c o l l e c t o r  cur ren ts  
i s  a f f e c t e d  by noise ,  collector-base junc t ion  leakage cur ren t ,  and 
external cable leakage currents .  A t  high cur ren ts  a lso measurement 
accuracy i s  a f f ec t ed  by changes i n  t r a n s i s t o r  d i e  temperature caused 
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I 

X-ray Machine OFF X-ray Machine ON *. 
0.12 nA 0.74 nA 
0.03 n~ 0.27 n~ 

0.12 nA 42 nA 

0.60 n~ 42 nA 

by heat d i s s ipa t ion .  
t o  evaluate sources of hFE measurement e r r o r ,  reduce instrumentation 
e r r o r s  where poss ib le ,  and e s t ab l i sh  an acceptable measurement procedure 
f o r  a l l  Phase I tests. 

The t e s t  described i n  Section 2.3,2 w a s  performed 

2.3.2 Instrumentation Test 

A cursory X-ray t e s t  was performed t o  determine the  leakage 
cur ren t  and noise l e v e l s  inherent with t h e  remote measurement system. 
Tab le  2 i s  a summary of r e s u l t s  of this leakage test. 

Table 2 - Remote Leakage (Icbo) Measurements 

9 *Ionizing r a t e  w a s  approximately 3.8 x 10 r/h 

The t r a n s i s t o r  mounting f i x t u r e  (containing no t r a n s i s t o r s )  w a s  i n s t a l l e d  
i n  t h e  X-ray machine, and the  low l e v e l  l/hFE t e s t e r  was connected t o  
measure Icbo. With t h e  X-ray machine ON Icbo measurements ind ica ted  a 
cable and f i x t u r e  leakage cur ren t  of about 1 nA due t o  a i r  ion iza t ion .  
Coating t h e  e n t i r e  mounting f i x t u r e  and cable ends with a t h i n  f i l m  of 
p a r a f f i n  reduced t'nis leakage current t o  less thii 0.3 ri w i t h  thz  X-ray 
machine ON and 0.03 nA with the  X-rays OFF. 
mounted i n  t h e  X-ray f i x t u r e  and Icbo measurement s were repeated. 
t h e  X-ray machine OFF t h e  &bo reading w a s  approximately the  same as 
Icbo f o r  t h e  t r a n s i s t o r  measured without t he  cables and f i x t u r e .  When 
t h e  X-ray machine w a s  turned ON the Icbo increased instantaneously t o  
42 nA and remained a t  t h i s  l e v e l  throughout t h e  t e s t ,  which amounted 
t o  a n  exposure i n  excess of 105 r. This l a r g e  cur ren t ,  apparently due 
t o  c a r r i e r  p a i r  generation within the  device, w a s  accompanied by a 
60 c / s  r i p p l e  component (-1.5 nA peak-to-peak) . The r ipp le  component 
i s  apparent ly  due t o  t h e  r ipp le  content i n  t h e  X-ray machine high 
vol tage  power supply s ince  when the high voltage supply was turned OFF 
both  t h e  l a r g e  de leakage and the  r ipp le  vanished leaving a de leakage 
component of 0.6 n ~ .  
ponent on l / $~  measurement, (b)  the presence of a s i g n i f i c a n t  60 c / s  

A t r a n s i s t o r  was then 
With 

Based on (a) the  e f f e c t  of t h e  l a rge  Icbo com- 
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Icbo r ipp le  component, and ( e )  t he  dominance of the c a r r i e r  generation 
current  component of IC o, a l l  of which e x i s t  when the  X-ray source i s  
ON, a standard remote lyhFE and Icbo measurement procedure w a s  es tab l i shed  
f o r  fu tu re  X-ray t e s t s .  This procedure requi res  shutdown of the  X-ray 
rn" L L U L * L L * * b  nI.7 i ne m-4 P A  L V I  hn tc ~ e - ~ - r e ~ ~ ~ t ,  
t h a t  p a r t i a l  recovery may occur a f t e r  X-ray shutdown. 
t h i s  recovery i s  minor a t  room temperature. 

EcTArpTrpr pr i  o r  t e s t s  nf 2~1613~ i nd ica t e  
The amount of 

I n  the  t es t  described above' l/hFE (0.1 @ 5 1, <, 300 mA) 
t h e  t r a n s i s t o r  w a s  measured before and a f t e r  t h e  X-ray exposure of 
5 x 105 r. 
t r a n s i s t o r  w a s  inves t iga ted  by applying a b i a s  of IC = 100 mA, Vcb = 5 V 
f o r  60 see, then measuring l/$E again over t he  e n t i r e  current  range. 
This e l e c t r i c a l  s t r e s s  removed 20 percent t o  64 percent of the  X-ray 
induced damage, with l a r g e r  recovery occurr ing a t  low measurement 
cur ren ts ,  This t e s t  sequence emphasizes t h e  need t o  minimize the  stress 
appl ied  t o  t r a n s i s t o r s  during measurement. Based on these r e s u l t s ,  two 
types of $E da ta  w i l l  be taken during X-ray t e s t ,  an "abbreviated" s e t  
and a "complete" s e t .  
a t  co l l ec to r  cur ren ts  of 0.1, 0.3) 1, 3,  10, 30, 100, and 300 p.A, and 
1, 10, 30, 100 and 300 mA with t r a n s i s t o r s  removed from the  mounting 
f i x t u r e  and mounted i n  the  temperature con t ro l l e r  (T = 3 5 O C ) .  These 
tes ts  w i l l  be performed before  and a f t e r  each major t e s t  s tep  and 
poss ib ly  a t  an intermediate point .  The abbreviated $E data w i l l  be 
taken a t  room temperature through remote cables  and w i l l  cons is t  of 
measurements a t  IC ' s  of 1, 10, and 100 pA and 1, 10, 30, 100 and 
300 mA. These da ta  a r e  t o  be taken a t  intermediate poin ts  during 
each major tes t  s t ep  t o  determine response of accumulated damage vs 
t i m e  or dose. 

f o r  

The e f f e c t  of applying measurement conditions t o  a damaged 

The complete set w i l l  cons i s t  of  hFE measurements 


